Aims: To develop and validate a novel score for prediction of 3-month functional outcome in neurocritically ill patients.
| INTRODUC TI ON
Neurocritical illness, defined as life-threatening neurological and neurosurgical illness, is a catastrophic event with high mortality and prolonged functional dependence. [1] [2] [3] An accurate and specialized prognostic score for neurocritical illness will provide clinicians a useful overview to summarize clinical findings, help stratify patients in critical care researches, and facilitate more effective communication with patients and their families about goals of care, choices of treatments, and plans for transitions.
To date, there are several prognostic scores for patients in general intensive care unit (ICU), such as the Acute Physiology and
Chronic Health Evaluation II (APACHE II) 4 and Simplified Acute
Physiology Score II (SAPS II). 5 Meanwhile, some scales were also developed for specific critical illnesses, such as the VentilatorAssociated Pneumonia PIRO Score, 6 Obstetric Early Warning Score, 7 Oncological Pediatric Risk of Mortality Score (O-PRISM), 8 the Edinburgh Cardiac Surgery Score, 9 Initiation of Renal Replacement Therapy (IRRIV) Score 10 and so on. However, so far there is no prognostic score for patients with neurocritical illness who have characteristics distinct from that of patients with other critical illnesses.
And the lack of assessment of neurological deficits in those risk adjustment models biases the severity evaluation and outcome prediction in patients with neurocritical illnesses.
Glasgow coma scale (GCS) 11 and the Full Outline of UnResponsiveness (FOUR) score 12 are common methods for bedside assessment of impairment of conscious level, 13 and are widely used in neurological intensive care unit (N-ICU). Although these two scales are strongly associated with severity and outcome which are assessed by other indices, [14] [15] [16] the assessment of consciousness per se is unable to make comprehensive predictive statements.
Given the paucity of prognostic scores in neurocritical illness, we aimed to develop a novel score for prediction of 3-month functional outcome in neurocritically ill patients, and compare it with APACHE II and SAPS II in a cohort of neurocritically ill patients.
| ME THODS

| Hypothesis generation
We hypothesized that a specialized score for neurocritical illness would be the combination of systemic condition evaluation and neurological function assessment. Since the variables in APACHE II and SAPS II were derived from expert consensus and large cohorts of general critical illness 4, 5 and have been validated all over the world, [17] [18] [19] [20] [21] we believed that the integration and modification of these two scores would provide a reliable and reasonable basis for evaluating systemic condition accurately. Measurements concerning different aspects of neurological deficits and being routinely used in N-ICU were also considered. The process of the generation of the novel score named INCNS is depicted in Figure 1 . 
| Variable selection
| Definition of the variables
White blood cell, serum albumin, random blood glucose, serum sodium, serum potassium, serum creatinine, and total bilirubin are routine labs. Temperature, respiration, heart rate, and systolic 
| Weight assignment
In order to make this score easy to calculate and use, the weighing system was based on a simple scale of 0 to 3 (like APACHE II) instead of a sophisticated scale of irregular numbers (like SPAS II) generated by statistic calculation. 0 denotes normal, and a higher score means a more serious condition. Considering that brainstem function tests play a pivotal role in outcome prediction, we assigned higher scores to the slow and absent responses of papillary light reflex and corneal reflex. 
| Data collection
The data concerning all the variables included in APACHE II, SAPS II, involved in these three scores are daily routines in N-ICU, and were performed by the neurologist who was in charge of each patient.
| Definition of outcomes
The modified Rankin Scale (mRS), a seven-point scale ranging from 0 (no symptoms) to 6 (death), was used to evaluate the functional outcome 3 months after the discharge from N-ICU, by a trained research assistant who was blinded to clinical data. A mRS score < 3 was considered favorable (independence), and a mRS score ≥ 3 was considered unfavorable (dependence or death). 33 A modification of Wald tests was used to examine the significance of difference of PPV and NPV. 34 A P value <0.0167 for multiple comparison tests on performances was considered statistically significant. 35 The probability values of predicting poor prognosis of INCNS score were derived from the logistic regression model.
| Statistical analysis
Statistical analyses were performed using SPSS 22.0 and Matlab 2012a.
| RE SULTS
The INCNS score was presented in Table 1 .
| Validation cohort
From January 2013 and June 2016, a total of 1037 patients were admitted to our N-ICU and had stayed for longer than 3 days. Ninetysix patients were lost to follow-up, and 941 patients were enrolled for the analysis. The median age for the cohort was 52 (IQR, 37-64) years, and 59.9% were male. The median hospital length of stay was Tables S1 and S2 respectively. The etiology distribution in this cohort was provided in Table S3 . Table S4 ). The cut-off value determined by the maximum sum of sensitivity and specificity was nine for both 24-hours and 72-hours INCNS scores. Using the cutoff Figure 3 , Table S4 ). Figure 4 showed that the probability of an unfavorable outcome of neurocritically ill patients increased as the 72-hours INCNS score rose.
| Predictive performance of INCNS score
F I G U R E
| Comparison of INCNS, APACHE II and SAPS II score
Overall performances of INCNS, APACHE II and SAPS II were presented in Figure 2 , Figure 3 and Table S4 . According to the results of ROC analyses, the 72-hours INCNS scoring system had the greatest discrimina- Table S4 ). Moreover, the INCNS score showed much better discriminative performance compared with GCS (24 hours: P < 0.0001; 72 hours: P < 0.0001) and FOUR (24 hours: P < 0.0001; 72 hours: P < 0.0001) at both 24 hours and 72 hours as well ( Figure S1 ).
| D ISCUSS I ON
Based on two widely used scores for critical illness (APACHE II and SAPS II) and consideration of the characteristics of neurocritical illness, we developed a novel clinically useful yet statistically accurate and valid score for predicting functional outcome in neurocritically ill patients. We named it INCNS, which is an acronym for inflammation, nutrition, consciousness, neurological function and systemic
Comparisons of sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) and number of correctly classified (CC) patients between INCNS, Acute Physiology and Chronic Health Evaluation II (APACHE II) and Simplified Acute Physiology Score II (SAPS II) to identify the predictive performance of 3-mo functional outcome in neurocritically ill patients. Sensitivity: *P = 0.000000000000000036, **P = 0.0000043, ***P = 0.000022; specificity: *P = 0.0081, **P = 0.0041; NPV: *P = 0.00000000013, **P = 0.000020, ***P = 0.013; CC: *P = 0.00028, **P = 0.015. Level of significance corrected for multiple testing P < 0.0167 for each patient according to his ability, and the examiner may choose the appropriate one. Moreover, the scoring method in the motor response test was also modified. The worst motor response from any limb rather than the best one is recorded in our score, because the purpose of the INCNS score is to predict 3-month functional outcome, and the disability of any limb will definitely impair motor skills.
Arousal and awareness are essential parts of consciousness.
Arousal is the psychological and physiological state of being awoken, and awareness is the ability to perceive or to be cognizant of the selfexistence and events. In INCNS score, we used the eye opening test, behavioral tests and tests for non-reflex movements to evaluate the levels of arousal and awareness. The INCNS score also includes the assessments of brainstem reflexes and swallowing function. The pupillary light reflex and corneal reflex are routine neurologic examinations in N-ICU and convenient approaches for assessing the function of brainstem, which plays a pivotal role in maintaining many basic functions, such as consciousness, breathing, heart rate, and sleeping.
As a common result of a variety of neurological diseases (cerebral infarction, intracerebral hemorrhage, traumatic brain injury, myasthenia gravis, dementia, etc), 36 dysphagia is associated with some unfavorable outcomes, including pneumonia, reintubation, in-hospital mortality and prolonged hospital length of stay. [36] [37] [38] [39] Moreover, the difficulty in swallowing will also affect the quality of life in long term. Therefore, the water swallow test was adopted to assess the swallowing function. All the neurologic examinations used in INCNS score are common and routine tests, and have been proven to possess excellent interrater reliability. [40] [41] [42] APACHE II and SAPS II were established based on the worst values of the measurements during the first 24 hours in general ICU. 4, 5 However, some studies suggested that a severity score (APACHE II or the mortality probability models) that performed at 72 hours in ICU worked much better than the one performed on admission, 24 hours or 48 hours. 43, 44 In this study, predictive performances of both 24-hours and 72-hours INCNS scores were examined in 941 N-ICU patients, and they were compared with the performances of APACHE II and SAPS II. Results from our studies showed that INCNS score had significantly stronger predictive power in discriminative power, sensitivity, NPV, and CC than APACHE II and SAPS II at both 24 hours and 72 hours in N-ICU, however, APACHE II score had a greater specificity with respect to the other two scores. Specificity quantified the proportion of patients with actual favorable outcome that were correctly identified as such. Therefore, compared to APACHE II score, INCNS score and SAPS II score had a higher rate of false positives, which indicated that more people with favorable outcome were predicted wrongly as the ones with unfavorable outcome. Our study also confirmed that the INCNS score performed at 72 hours achieved better accuracy than the one performed at 24 hours, which might be partially because the progressive worsening usually extends beyond 24 hours after the admission to ICU.
Several weaknesses of the current study should be noted. 
| CON CLUS IONS
We established a novel risk prediction score, named INCNS, to predict the 3-month functional outcome of neurocritically ill patients. 
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